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(g) Method and apparatus for reducing size of particulate solMs in fluid medium. 

@ The partide size of solids, particulariy of 
sdkls such as drfll cuttings, recovered from a 
subtenranean wellbore is reduced by pumping 
(18) the solids In a fluid medium from a tank (12) 
tfirough a choke (30) to impinge on a surfece 
(52) ttiereby abruptiy retarding movement of the 
solWs to tiiereby induce breakage or grinding 
thereof. 
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(g) Method and apparatus for reducing size of particulate solids in fluki medium. 



@ The particle size of solids, particularly of 
solids such as drill cuttings, recovered from a 
subterranean wellbore is reduced by pumping 
(18) the solids in a fluid medium from a tank (12) 
through a choke (30) to impinge on a surface 
thereby abmptiy retarding movement of the 
solids to thereby induce breakage or grinding 
thereof. 
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The present invention relates generally to a 
method and apparatus for reducing the size of partlc- 
ulate solids in a fluid medium, particularly but not ex- 
clusively, solids such as drill cuttings from a well 
bore. 5 

The disposal of cuttings from the drilling of oil 
and gas wells has become an increasing problem. En- 
vironmental concerns, and governmental regulations 
reflecting those concerns, require the disposal of the 
cuttings in an environmentally sound manner. This io 
disposal can be especially difficult where wells are 
drilled offshore. One method of disposal which is typ- 
ically satisfactory is to return the cuttings to an exist- 
ing subterranean well. Conventionally, this is often 
done through use of a grinder to grind the cuttings 15 
into relatively small particles in a slurry to facilitate in- 
troducing the ground particles into the well. The slur- 
ry Is then pumped Into the well through use of a high 
pressure pump. 

In another known technique, as described in U.S. 20 
patent specification no. 5,109,933, a raw cuttings 
slurry of recovered drill cuttings in a carrier fluid is cir- 
culated through one or more specialized centrifugal 
pumps. U.S. patent specification no. 5,109.937 dis- 
closes the use of a particular configuration of centri- 25 
fugal pump having an open channel between the fluid 
inlet and the blade tips; with the pump assembly 
modified to operate at a speed approximately fifty 
percent faster than the recommended pump speed 
for conventional applications. The action of the pump 30 
subjects the cuttings to shear, resulting in reduced 
size. Once the action of the modified centrifugal 
pump has sufficiently reduced the cutting particle 
size, the slurry containing the centrifugally sheared 
cuttings is utilized to convey the cuttings to a subsur- 3S 
face location. 

These methods suffer from the disadvantage 
that they require large equipment useful solely to ac- 
complish the particle size reduction. The use of a 
grinder, a large modified centrifugal pump or multiple 40 
centrifugal pumps, with the associated substantial 
manifolding and piping can require a significant 
amount of deck space on an offshore platform, for ex- 
ample, and can therefore present a significant disad- 
vantage. 45 

We have now devised a new method and appa- 
ratus for reducing the size of solids, such as drill cut- 
tings, without reliance upon the shearing force of a 
centrifugal pump, which new method and apparatus 
further facilitates the particle size reduction in large so 
part through use of equipment typically already pres- 
ent at the well location. 

According to the present invention, there is pro- 
vided apparatus for reducing the particle size of drill 
cuttings contained in a fluid medium, which appara- 55 
tus comprises a primary pump for receiving and mov- 
ing fluid medium containing said drill cuttings; a 
choke assembly arranged In the discharge path of 



said pump to receive fluid medium and said drill cut- 
tings from said pump and to increase the velocity flu- 
id and to impede the movement thereof; an impinge- 
ment means cooperatively arranged with a choke for 
receiving the increased velocity mixture fluid and to 
impede the movement thereof. 

The invention also provides a method of reducing 
the particle size of solids recovered from a wellbore, 
said solids being associated with sufficient liquid to 
be in a f luidizable state, which method comprises the 
steps of applying a pressure to said f luidizable solids 
to f luidize said solids and to impart a velocity thereto; 
and impinging said particles against a surface to stop 
the velocity thereof so as to induce breakage and par- 
ticle size reduction of said solids. 

An example of an apparatus in accordance with 
the present invention preferably includes a pressuriz- 
ing assembly for receiving a volume of f luidizable sol- 
ids. The solids will be fluid izable, preferably by being 
mixed with, or otherwise contained within, a suitable 
volume of liquid to establish a flowable raw cutting 
slurry. The pressurizing assemt)ly, for example a rel- 
atively high pressure pump, will be utilized to further 
impart a velocity to the raw cutting slurry. In one par- 
ticularly preferred embodiment, a conventional 
choke assembly will be utilized to further increase 
the established velocity of the slurry. The moving 
slurry will then be conveyed in such manner as to 
cause the slurry to strike a breaking or impingement 
assembly which will suddenly impede the movement 
of the solids within the slurry, thereby inducing break- 
age of the solids. In one particularly preferred em- 
bodiment, the fluids will be directed through a choke, 
as previously described, and will be allowed to strike 
a generally flat impingement surface several inches 
away. 

The high pressure pump will preferably be util- 
ized to apply pressure to the fluid sufficient in the sys- 
tem utilized to establish a velocity to the fluid suffi- 
cient to cover particle size reduction when travel of 
the particles thereby Is impeded. In many applica- 
tions the pressure applied to the slurry by the high 
pressure pump will preferably be in excess of approx- 
imately 300-600 psi (2.07-3.46 MPa); will further pre- 
ferably be in excess of approximately 1.000 psi (6.89 
MPa), and most preferably will be within the range of 
approximately 1,400-1,700 psi (9.6-11.7 MPa). These 
pump pressures may t>e adjusted in response to the 
size and composition of particles being treated. 

In order that the invention may be more fully un- 
derstood, reference is made to the accompanying 
drawings, wherein: 

Fig. 1 shows schematteally one example of a drill 
cutting part tele size reduction apparatus in ac- 
cordance with the present invention; 
Fig. 2 schematically depicts one embodiment of 
choke chamber for the apparatus of Fig. 1; 
Fig. 3 schematically depicts another embodi- 
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ment of a drill cutting particle size reduction ap- 
paratus in accordance with the present inven- 
tion; and 

Fig. 4 schematically depicts another embodi- 
ment of a choke chamber in accordance with the 5 
present invention. 

Referring now to the drawings in more detail, and 
particularly to Fig. 1, therein is depicted an exem- 
plary drill cutting size reduction apparatus 10 in ac- 
cordance with the present invention; such apparatus 10 
adapted to reduce the size of drill cuttings and to in- 
ject the cuttings, such as through a wellhead, to a 
subterranean location. Drill cutting size reduction ap- 
paratus 10 includes a mixing tank 12 which will retain 
cuttings and a liquid carrier or process fluid during the is 
cutting size reduction operation. In this preferred em- 
bodiment, drill cutting size reduction apparatus 1 0 in- 
cludes a primer or booster pump 14 adapted to re- 
ceive a slurry mixture from mixing tank 12 to pressur- 
ize the slurry for Introduction into the suction end 16 20 
of high pressure injection pump 18. The assembly of 
a mixing tank and a booster pump to facilitate removal 
from the tank may be a conventional skid-mounted 
assembly as is commonly present at a drill site. 

High pressure injection pump 18 will supply the 25 
force actually utilized to "break" or reduce the cutting 
particle size. In the depicted embodiment, wherein a 
pressurized fluid supply to high pressure pump 18 is 
provided by booster pump 14, apparatus 10 includes 
a bypass conduit 1 9 past h Igh pressure pump 1 8 to fa- 30 
cilitate fluid returns to mixing tank 12. 

The outlet side 20 of high pressure pump 18 is 
coupled to a manifold assembly, indicated generally 
at 22, which preferably includes first and second flow 
control valves 24 and 26. Manifold assembly 22 also 35 
preferably includes a conventtonal pressure relief 
valve 28 suitably arranged to relieve an over- 
pressure condition in manifold assembly 22. First 
flow control valve 24 controls the passage of fluid 
from outlet side 20 of high pressure pump 18 to a 40 
choke chamber 30; the output of which 32 serves as 
an inlet to mixing tank 12. Second flow control valve 
26 controls the passage of a slurry from the output 
of high pressure pump 18 to a collection location, 
such as a wellhead or other surface mechanism for 4S 
communicating the slurry injection to a subterranean 
location. 

In one particularly preferred embodiment, mixing 
tank 12 will be a conventional tank having a capacity 
of approximately fifty barrels, and will preferably in- so 
elude a conventional agltatton or mixing assembly, as 
indicated schematically at 34. An appropriate conduit 
36 will supply an effluent from mixing tank 12 to the 
inlet of booster pump 14. Booster pump 14 may be of 
any convenient design capable of pressurizing the 55 
slurry effluent from tank 12 to pressurize suction end 
16 of high pressure injection pump 18. In one appli- 
cation, a 4 x 6 rubber-lined centrifugal pump manu- 



factured by the Galligher Co. of Salt Lake City. Utah, 
has been found to be satisfactory. A rubber-lined 
pump is not necessary, but has been utilized for test- 
ing purposes, as K was least likely to induce breakage 
of the drill cuttings. The pump utilized pumped at a 
rate of approximately 15 barrels per minute (BPI\^). 

High pressure injection pump 18 may be of virtu- 
ally any appropriate and desired configuration. Injec- 
tion pump 18 can be, and will preferably be, the same 
high pressure pump to be utilized for pumping the re- 
duced particle size slurry into the subsurface fornna- 
tlon. A model HT-400 pump, manufactured by Halli- 
burton Services. Duncan, Oklahoma, pump has been 
utilized and found satisfactory. In test of the inven- 
tion, the HT-400 pump was configured to pump a vol- 
ume of approximately five barrels per minute (5 BPM) 
at a pressure of 1 ,500 psi. The outlet of booster pump 
14 may be coupled to high pressure injection pump 18 
through use of a "logger" header which facilitates pro- 
viding the pressurized output of booster pump 14 to 
multiple inlets of suction end 16 of pump 18, while al- 
lowing excess to return through bypass conduit 19 to 
mixing tank 12. First and second flow control valves 
24 and 26 are each preferably plug valves. For exam- 
ple, the Low Torque Plug Valves made by Halliburton 
Services, of Duncan, Oklahoma have been found to 
be sat isfactory. Alternatively, flow control valves may 
be of any desired type, such as ball valves; or a three- 
way valve could be utilized In place of both valves. 

In one preferred embodiment, the outlet conduit 
40 coupled to outlet side 20 of high pressure pump 18, 
will have approximately a two inch internal diameter. 
In such configuration, each flow control valve 24, 26, 
and the related conduits will also preferably have an 
internal diameter of approximately two inches. 

Referring now also to Fig. 2, therein is depicted 
the choke chamber 30 operatively coupled down- 
stream of first flow control valve 24. Choke chamber 
30 preferably includes a fixed diameter choke sec- 
tion, indicated generally at 42. coupled to a particle 
breaking chamber, indicated generally at 44. in the 
described exemplary embodiment utilized for test, a 
fixed choke having a ceramic-lined orifice with a di- 
ameter of 0.5 inches has been found satisfactory. In 
the described test of the invention, with high pressure 
pump pumping at a rate of approximately 5 BPM the 
velocity of the slurry through the choke was approx- 
imately 343 ft./sec. 

Particle breaking chamber 44 is preferably a gen- 
erally cylindrical chamber having an inlet 46 proxi- 
mate one end and an impingement block 48 disposed 
longitudinally therefrom. A generally radial fluid exit 
50 is preferably provided intermediate the length be- 
tween inlet 46 and impingement block 48. Impinge- 
ment block 48 includes a generally flat impingement 
surface, although many configurations of impinge- 
ment surfaces may be envisioned. For example, con- 
vex and concave surfaces, or multiple surfaces 



3 



6 



EP 0 601 724 A2 



6 



formed of rods or bars, or other structures, in cham- 
ber 44 are contemplated. In one preferred embodi- 
ment, particle breaking chamber 44 is approximately 
4.5 inches In internal diameter and extends approxi- 
mately fourteen inches from choke 42 to forward sur- s 
face 52 of impingement block 48. Fluid outlet 50 of 
choke chamber 30 will extend to a conduit 32 provid- 
ing return flow to mixing tank 12. In the described ex- 
emplary apparatus, the return flow to mixing tank 12 
is provided through a two- inch conduit. io 

Operation of the disclosed apparatus 1 0 is as fol- 
lows. The circulating or mixing mechanism 34 in tank 
12 will be utilized to provide a slurry which will be se- 
lectively communicated to booster pump 14. Booster 
pump 14 will pull the mixed slurry of generally mixed is 
drill cuttings and carrier fluid from tank 12 to provide 
a stable pressurized fluid source for high pressure in- 
jection pump 18. High pressure injection pump 18 will 
further pressurize the slurry, forcing the mbcture 
through outlet conduit 40 and first flow control valve 20 
24. and thereby through fixed choke 42. As a result 
of the forcing of the mixture through choke 42, the ve- 
locity of the mixture is Increased to "fire" the mixture 
into surface 52 of impingement block 48. This results 
in breaking of the drill cutting particles. The partially 2S 
reduced particle size slurry will be circulated through 
the system until such time as the drill cuttings are 
sufficiently reduced in size to facilitate introduction 
into the subterranean formation. At such time, first 
flow control valve 24 will be closed, and second flow 30 
control valve 26 will be opened, thereby facilitating 
the transfer of the reduced particle size slurry direct- 
ly to a wellhead, or other appropriate assembly, for in- 
troduction into the subsurface formation. 

In one exemplary test performed through use of 35 
the apparatus described herein, the process was 
tested relative to reducing the size of drill cuttings of 
which almost 50 percent of the sample had a partide 
size greater than 2,000 microns (0.0779 inch; or re- 
tained by a 10 mesh screen), with the largest meas- 40 
ured particle being 0.72 x 0.48 x 0.03 inch. The par- 
ticles of this latter approximate size made up approx- 
imately 2 percent of the total sample. Approximately 
23 percent of the cuttings ranged in size between 10 
and 20 mesh (between 2000 microns and 850 mi- 45 
crons); with another substantial portion of the cut- 
tings ranging between 20 and 60 mesh (between 850 
microns and 250 microns); with the remainder of the 
particles being of smaller sizes. 

As noted earlier herein, the process fluid may be so 
any suitable and desired fluid, including, for example, 
fresh water, salt water and viscofied water. In a first 
of the tests, fresh water was used as the process fluid 
in the mixing tank, and after circulation of the fluid be- 
gan, the graded drill cuttings were metered into the 55 
reservoir. The addition rate of the drill cuttings was 
approximately 2 cubic feet per minute. In the second 
of the two tests, the process flukJ was water viscofied 
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with Halliburton WG-11 Gel, at a mbrture of approxi- 
mately 60 lb./1,000 gallons. 

At the conclusion of the first test, 100 percent of 
the particles passed through a 30 mesh (600 micron) 
screen, with 62.1 percent of the particles passing 
through a 400 mesh (38 micron) screen. At the con- 
clusion of the second test, all samples were under 60 
mesh (250 microns) in size, with 62,8 percent of the 
particles passing through a 400 mesh (38 micron) 
screen. 

The two tests did not take into account circulation 
time, or the number of cycles of the mixture through 
the system. Particle size is believed to be a direct 
function of the number of cycles through cutting par- 
ticle size reduction apparatus 10. in both tests, the 
drill cuttings in the reduced particle size slurry were 
sufficiently reduced in size to maintain the solids in 
suspension even without agitatk>n of the slurry. 

Referring now to Figure 3, therein is depicted an 
alternative embodiment of a drill cutting particle size 
reduction apparatus in accordance with the present 
invention, indicated generally at 60, and illustrated in 
schematic form. Particle size reduction apparatus 60 
is similar to prevk>usly described apparatus 10, with 
the exception that apparatus 60 schematically de- 
picts the use of a mechanical particle size reduction 
apparatus, such as a grinder, "shredder" or similar 
device 62 coupled to the output of booster pump 14 
to reduce the size of any except tonally large cuttings 
to assure that ail cuttings transmitted through the 
high pressure pump and other equipment will be of a 
size which may safely be handled. Devices such as 
the Shredder or De-lumper devices manufactured by 
the Franklin [Vliller Company of New Jersey may be 
utilized. Shredder 62 will also serve the purpose of 
eliminating large stones or other foreign objects 
which might damage or otherwise impair the opera- 
tion of part tola size reduction apparatus 60. 

Particle size reduction apparatus also includes a 
plurality of choke chambers 64. 66 and 68 coupled in 
series through conduits 65 and 67, with a return con- 
duit 69 to mixing tank 12. These multiple choke cham- 
bers 64. 66, and 68 are utilized In place of the single 
choke chamber 30 in the embodiment of Fig. 1. 
Choke chambers 64. 66 and 68 may each have a uni- 
form size choke or may have a graduation of size 
chokes. The sizes of the chokes should be selected 
to maintain an acceptable level of pressure drop 
across the combined choke chambers 64, 66. and 68. 

Referring now to Fig. 4, therein is schematically 
depicted an alternative embodiment of an impinge- 
ment assembly 70, in accordance with the present in- 
vention. Impingement assembly 70 includes a hous- 
ing 72 defining ari internal chamber 74 with a choke 
discharge 76 forming an inlet at one end of the cham- 
ber. A chamber discharge 78 is placed generally long- 
itudinally opposite inlet 76. A number of reducing ele- 
ments, such as metal balls 80 are placed in chamber 
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74. Fig. 4 depicts balls 80 as they might appear during 
operation, where the discharge from choke 42 urges 
the balls 80 toward the opposite end of chamber 74. 
Balls 80 may be of either a single size, or of varying 
sizes. If balls 80 are selected of a size smaller than 5 
fluid inlet 76 and fluid outlet 78, barrier members 82a 
and 82b, such as crossbars, may be provided therein 
to retain balls 80 within chamber 74. In operation, as 
the force of fluid from choke discharge 76 encounters 
balls 80, the balls should be caused to.agitate as the io 
fluid and drill cuttings are forced therethrough, there- 
by reducing the drill cutting size not only through Im- 
pact, but also through the grinding action of the cir- 
culating and rotating balls. 

IS 

Claims 

1. Apparatus for reducing the particle size of drill 

cuttings contained in a fluid medium, which appa- 20 
ratus comprises a primary pump (18) for receiv- 
ing and moving fluid medium containing said drill 
cuttings; a choke assembly (30) arranged in the 
discharge path of said pump (18) to receh^e fluid 
medium and said drill cuttings from said pump 26 
and to Increase the velocity fluid and to impede 
the movement thereof; an impingement means 
(48) cooperatively arranged with a choke (42) for 
receiving the increased velocity mixture fluid and 
to impede the movement thereof. 30 

2. Apparatus according to claim 1 , wherein said pri- 
mary pump (18) applies a pressure to said fluid 
containing saki drill cuttings in excess of 400 psi 
(2.76 MPa). 35 

3. Apparatus according to claim 1 or 2, further com- 
prising a booster pump (14) cooperatively ar- 
ranged with said primary pump (18) to apply an 
initial pressure to said fluid containing said drill 40 
cuttings at the inlet side (16) of said primary 
pump (18). 

4. Apparatus according to daim 3, which comprises 

a mixing tank (12) for receiving said solids and a 45 
liquid, said lank comprising a system (34) for gen- 
erally mixing said solids and said liquid to form a 
solids/liquid mixture; sakl booster pump being 
cooperatively coupled to said mixing tank (12) for 
receiving the solids/liquid mixture therefrom and so 
applying a pressure thereto; said primary pump 
(18) being cooperatively coupled to said booster 
pump (14) to receive the pressurized solids/liquid 
mbcture therefrom, said primary pump (18) hav- 
ing a suction side (1 6) and a discharge side (20); ss 
said assembly (30) comprising a choke chamber 
cooperatively coupled in selective fluid commu- 
nication with said discharge side (20) of said pri- 



mary pump (18). said choke chamber comprising 
a choke member (42) configured to Increase the 
velocity of said solids/fluld mixture; the Impinge- 
ment means being adapted to receive the in- 
creased velocity solids/liquid mixture from said 
choke member (42), said choke chamber having 
an outlet (50) in fluid communication with an inlet 
(32) to said mixing tank (12); a first valve (24) at 
least partially providing selective fluid communl- 
cation between said discharge stde (20) of said 
primary pump and a collection location. 

5. Apparatus according to daim 4, further compris- 
ing a manifold (22) operatively coupled to estab- 
lish fluid communication between the output of 
said booster pump (14) and the suction side (16) 
of said primary pump (18), said manifold being 
configured to supply a pressurized supply of fluid 
to said suction side (16) of said primary pump 
(18) but to allow a bypass (19) flow of fluid, said 
bypass flow of fluid being in fluid communication 
with a fluid inlet to said mbdng tank (12). 

6. Apparatus according to daim 4 or 5, wherein said 
choke chamber comprises an elongated chamber 
extending relative to a longitudinal axis through 
said choke assembly (30), wherein said impinge- 
ment means (48) comprise an impingement block 
proximate one end of said chamber. 

7. A method of reducing the partide size of solids 
recovered from a well bore, said solids being as- 
sociated with sufficient liquid to be in a f luidizable 
state, which method comprises the steps of ap- 
plying a pressure to sakI fluidizable solids to flu- 
idize said solids and to impart a velocity thereto; 
and impinging said partides against a surface 
(52) to stop the velocity thereof so as to induce 
breakage and partide size reduction of sak! sol- 
ids. 

8. A method according to daim 7. wherein said flu- 
idizable solids are pressurized by pumping the 
solids through a pump (18) to apply a pressure in 
excess of 1,000 psi (6.89 MPa) to said fluidized 
solids and to impart a velocity to said solids. 

9. A method according to daim 8, comprising the 
step of further boosting the velocity of said flui- 
dized solids by causing said pumped solids to be 
passed through a choke assembly (30). 
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